
















































Insulin/IGF signaling (IIS) and Target of Rapamycin complex 1 (TORC1) 
IIS/TORC1
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Insulin/IGF signaling (IIS) and 
Target of Rapamycin complex 1 (TORC1) IIS/TORC1
 
(Hietakangas and Cohen, 2007; Lloyd, 2013; Stocker and Hafen, 2000; Tumaneng et al., 
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 (Böhni et al., 1999; Pete et al., 1999) Insulin IGF
Insulin/IGF Insulin-like receptor
Phosphoinositide 3-kinase (PI3K) AKT TORC1












and Sheng, 2006; Jaworski et al., 2005; Kumar et al., 2005; Swiech et al., 2011; 
Urbanska et al., 2012)
IIS/TORC1
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(Benavides-Piccione et al., 2006)






 (Grueber et al., 2002) da 
neuron 5B
 (Jan and 
Jan, 2010; Parrish et al., 2007) da neuron
I IV 4 IV 
da neuron
IV da neuron
 (Parrish et al., 2009)  
da neuron
 (Kuo et al., 2005; Shimono et al., 2009; Williams and Truman, 2004, 2005)






6A (Beadle et al., 1938; Edgar, 




70 70 hr after egg laying; 70 hr AEL
critical weight 91~97 hr AEL




































Sensory Organ Precursor (SOP) FLP
10





























 (Ferretti et al., 2011; Kadota et al., 2010)
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(McGuire et al., 2003) hsp90
14B HSP90 17-DMAP-GA





NLR  (nucleotide-binding domain and leucine-rich repeat 
containing proteins  15A (Kadota et al., 
2010; Shirasu et al., 1999) NLR
 (Wilmanski et al., 2008)
CHORD Rho-kinase II
15B  (Ferretti et al., 2010; Ferretti et al., 2011)
Rho-kinase  (Amano et 









16H I Rok CHORD












CHORD 17H-L  
S2 CHORD
Rok Rok











protein kinase C (PKC) Rho family GTPase
18  (Laplante and Sabatini, 2012; Oh and 
Jacinto, 2011; Zinzalla et al., 2011)
v’ada TORC2
da neuron TORC2
 (Koike-Kumagai et al., 2009; Thomanetz et al., 2013) TORC2
TORC2
 (Zinzalla et al., 2011)  
TORC2 rapamycin-insensitive 




































































Rho-kinase  (Ferretti et al., 2010; Ferretti et 
al., 2011) CHORD











TORC2 Akt conventional PKCs
AGC HSP90
AGC  
(Facchinetti et al., 2008; Ikenoue et al., 2008) CHORD HSP90
 (Michowski et al., 2010) 
TORC2 TORC2
TORC2
Tricornered (Trc) Trc da neuron
TORC2
 (Koike-Kumagai et al., 2009) da neuron
v’adan
 
28A (Defelipe, 2011; Wittenberg and Wang, 2007)
somatosensory thalamocortical projection neurons





v’ada IV da neuron
 (Parrish et al., 2009; 
Sugimura et al., 2003)
v’ada
IIS/TORC1













BioGRID InterologFinder DroID 3 CHORD
1 CG3689
1B CG3689 mRNA 3’
Cleavage Factor Im (CFIm) 25 kDa  





遺伝子名 分子に関する情報 行った実験 結果 










































 3’ UTR A
A
mRNA
2A B (Di Giammartino et 
al., 2011; Lutz and Moreira, 2011) CFIm A
CFIm 5’ A
3’-UTR 2C






























 (Satoh et al., 2008; , 2008; , 






CHORD 27 5B; 
2
CHORD
26 16 Espinas Dlic
 (Satoh et al., 2008; 












Control CHORD 松原ら 佐藤ら 
CHORD containing protein [Drosophila 
melanogaster] 
CHORD 0 410 zinc ion binding - - 
GI11974 [Drosophila mojavensis] sepia 0 156 glutathione transferase activity + - 
ribosomal protein LP0 [Drosophila 
melanogaster] 
RpLP0 0 105 structural constituent of ribosome + - 
CG15602 [Drosophila melanogaster] CG15602 0 90 unknown + - 
RecName: Full=Glutathione 
S-transferase 1-1 
GstD1 0 89 glutathione transferase activity + - 
Cu-Zn superoxide dismutase [Drosophila 
melanogaster] 
Sod 0 88 
antioxidant activity; superoxide 
dismutase activity 
+ - 
actin E2 [Drosophila virilis] Actin 88F 0 79 
structural constituent of 
cytoskeleton 
+ + 
ribosomal protein S3A, isoform A 
[Drosophila melanogaster] 
RpS3A 0 79 structural constituent of ribosome + + 
actin [Drosophila melanogaster] Act42A 0 77 
structural constituent of 
cytoskeleton 
+ + 
eukaryotic initiation factor 4B, isoform B 
[Drosophila melanogaster] 
eIF-4B 0 74 translation initiation factor activity + + 
heat shock protein 23 [Drosophila 
melanogaster] 
Hsp23 0 67 protein binding; actin binding + + 
heat shock cognate 4 [Drosophila 
melanogaster] 
Hsc70-4 0 66 
chaperone binding; unfolded 
protein binding 
- - 
ribosomal protein L30, isoform C 
[Drosophila melanogaster] 
RpL30 0 55 structural constituent of ribosome + - 
heat shock cognate protein [Drosophila 
simulans] 
Hsc70-1 0 54 unfolded protein binding + - 
RecName: Full=60S ribosomal protein 
L31 
RpL31 0 54 structural constituent of ribosome - + 
unnamed protein product [Drosophila 
melanogaster] 
Actin 5C 0 53 
structural constituent of 
cytoskeleton 
+ + 




GF15422 [Drosophila ananassae] CG10600 0 52 unknown - - 
GM24774 [Drosophila sechellia] CG32071 0 49 unknown - - 
CG1440, isoform A [Drosophila 
melanogaster] 




GK23924 [Drosophila willistoni] CG15443 0 48 unknown - - 
dally-like protein [Drosophila 
melanogaster] 
dlp 0 47 
Wnt-protein binding; heparan 
sulfate proteoglycan binding 
- - 
GL13986 [Drosophila persimilis] CG15545 0 47 unknown - - 
GH17009 [Drosophila grimshawi] Hsp27 0 46 protein binding - - 
GG16902 [Drosophila erecta] CG42404 0 45 unknown - - 
GE24334 [Drosophila yakuba] CG5614 0 45 unknown - - 
CG31999 [Drosophila melanogaster] CG31999 0 45 calcium ion binding + - 
 
  
 1. S2 CHORD  
2. 6xFLAG:CHORD S2 FLAG
 










• Lysis buffer A (Ferretti et al., 2010): 20mM Tris-HCl (pH 7.5), 150 mM NaCl, 
0.5% NP-40, Complete mini, PhosSTOP 6  
• Lysis buffer B (Wu et al., 2005): 20mM HEPES (pH7.4), 10mM NaCl, 1M MgCl2, 
0.01% NP-40, 1mM DTT, 05M EDTA, Complete mini, PhosSTOP 
• Lysis buffer C (Wu et al., 2005): 20mM Tris-HCl (pH 7.5), 150 mM NaCl, 1% 

















   
タンパク名 
スコア 
分子の機能 コントロール FLAG:CHORD 
Buffer A Buffer C Buffer A Buffer C 





ATP-dependent RNA helicase activity 
CG3164     4.67    
ATPase activity, coupled to transmembrane 
movement of substances; transporter activity 
mute 
   
3.63  unknown 











SNAP receptor activity 






Vap-33-1      2.30    structural molecule activity 
Act57B  
  
6.70  0.00  structural constituent of cytoskeleton 
alphaTub85E      5.23  7.36  structural constituent of cytoskeleton 
betaTub56D  
  
15.13  3.68  structural constituent of cytoskeleton; GTP binding 
Hsc70-3      4.42  6.47  ATPase activity 
Hsc70-4  
  
43.88  8.21  chaperone binding 
RpS14a      9.62    structural constituent of ribosome 
RpS18  
  
5.34  9.88  structural constituent of ribosome 
RpS25      1.96    structural constituent of ribosome 
RpS3  
  
8.94  6.20  structural constituent of ribosome 
RpL23      4.99    protein binding 
RpL27A  
   
6.09  structural constituent of ribosome 
RpL31      3.42    structural constituent of ribosome 




Flybase gene ontology term (GO term) transmembrane 
signaling receptor activity 352 Transgenic 
RNAi Project (TRiP) RNAi 186
13 4; 7A-C drosophila insulin 
receptor (dinr) domeless (dome) Anaplastic Lymphoma Kinase (Alk) 






   
遺伝子名 分子の機能 系統番号 表現型 
NMDA receptor 1 
N-methyl-D-aspartate selective 
glutamate receptor activity  
25941 成長不全型 
Ret oncogene ephrin receptor activity 25948 ミニチュア型 
Odorant receptor 47b olfactory receptor activity 27274 成長不全型 
Alk 
transmembrane receptor protein 
tyrosine kinase activity 
27518 成長不全型 
robo3 axon guidance receptor activity 29398 成長不全型 
Resistant to dieldrin GABA-A receptor activity 31286 成長不全型 
domeless 








transmembrane receptor protein 




transmembrane receptor protein 
tyrosine phosphatase activity 
34965 成長不全型 
Insulin-like receptor insulin-activated receptor activity 35251 成長不全型 
Trissin receptor 





transmembrane receptor protein 




SOP-FLP da neuron Scute
DNA 6 [scE1]6  (Powell et al., 2004)
pUAS-flp (Drosophila Genomic Resource Center) hsp70 minimal 
promoter flp ORF [scE1]6 SV40 polyA
SOP-FLP pHStinger pUAST UAS
pUAST UAS pUAST EcoRI PstI
UAS
 
CHORD 4754 bp 3
20009616-20013777; version FB2013_05 pCasper
UAS-CHORD CHORD cDNA (Drosophila Genomic Resorce Center 
# RE04143) CHORD ORF pUASTattB
UAS-6xFLAG:CHORD yw CHORD
N 6xFLAG tag pUAST
UAS-3HA:CG3689RB UAS-3HA:CG3689RC CG3689 ORF




UAS-CHORDRNAi #1: 5’-CACCGAGTTCCTCAACATCAA-3’ 
UAS-CHORDRNAi #2: 5’-TTCGACCTGGATGACATTAAA-3’ 
DNeasy Blood & Tissue Kit (Qiagen) 5 DNA









GFP CHORD CG3689 ORF cDNA T7 
promoter CHORD-RNAi-Fw CHORD-RNAi-Rv
CG3689-RNAi-Fw CG3689-RNAi-Rv GFP-GNAi-Fw GFP-RNAi-Rv
cDNA Wizard® SV Gel and PCR Clean-Up System 
(Promega) MEGAscript® T7 Transcription Kit (Invitrogen) 
in vitro RNeasy Mini Kit (Qiagen) 






CG3689-RNAi-Fw: 5’-TAATACGACTCACTATAGGG ATGGCGTCCTCGCAAGTCTC-3’ 
CG3689-RNAi-Rv: 5’-TAATACGACTCACTATAGGG CCTTTTCATGTAGCTGGACG-3’ 
piggyBac
 (Schuldiner et al., 2008) 
MARCM
SOP-FLP da neuron
 (Schuldiner et 
al., 2008)  
1537
19
3 LL04611 LL04133 LL03277 1
SOP-FLP  
Gal45-40 UAS-Venus:pm SOP-FLP#42; tubP-Gal80 FRT40A
SOP-FLP#42; Gal4109(2)80 UAS-mCD8:GFP SOP-FLP#73/CyO; 
tubP-Gal80 FRT2A
hsFLP UAS-mCD8:GFP; Gal4109(2)80 UAS-mCD8:GFP 
SOP-FLP#73/CyO; FRT82B tubP-Gal80 
  
ID Number 遺伝子名 表現型 
LL00066 heph 成長不全型 
LL00232 Gyc-89Db 成長不全型 
LL00779 l(3)01239, CG7839 成長不全型 
LL01235 TfIIFalpha, CG1024 成長不全型 
LL01237 pum 成長不全型 
LL02779 Rel, Nmdmc 成長不全型 
LL06331 Mbs 成長不全型 
LL03277 krz, mod ミニチュア型 
LL03972 sda 成長不全型 
LL04133 Spase22-23, Acp95EF ミニチュア型 
LL04168 Bub3, CAP-D2 成長不全型 
LL04239 Tor 成長不全型 
LL04611 ModSP ミニチュア型 
LL04839 CG11815, CG1139 成長不全型 
LL01162 SMC1 成長不全型 
LL05277 sar1 成長不全型 
LL05452 Rab11 成長不全型 
LL05552 Trn-SR 成長不全型 
LL06325 Pect , CG16972 成長不全型 
LL06541 btsz 成長不全型 
LL03660 pasha 成長不全型 













4 illumina Genome Analyzer II
HiSeq2000 DDBJ ; accession 
number DRA001847 Burrows-Wheeler Aligner (BWA) 
flybase version 5.35 4
MARCM
SAMtools













 (Brand and Perrimon, 1993) da neuron Gal4
Gr28b.c (Thorne and Amrein, 2008; Xiang et al., 2010) Gal4
5-40
 (Song et al., 
2007) Gal4
109(2)80
 (Gao et al., 1999) UAS UAS-mCD8:GFP 
(Bloomington #5137) UAS-Venus-pm (Sato et al., 2010; Sugimura et al., 2003; 
Yamamoto et al., 2006) dinr
339 
(Brogiolo et al., 2001) Akt
q
 
(Staveley et al., 1998) Tor
ΔP
 (Zhang et al., 2000) rok
2 



























 (Bloomington #25948) 
2  
図番号 遺伝子型 
5C, 6B, 7A, 7B, 8A, 11A, 
16A, 21A, 21BC, 21E, 21G 
Gal45-40 UAS-Venus:pm SOP-FLP#42/+; +/+; FRT82B/FRT82B tubPGal80  
8B Gal45-40 UAS-Venus:pm SOP-FLP#42/+; +/+; FRT82B Aktq/FRT82B tubPGal80  
8C Gal45-40 UAS-Venus:pm SOP-FLP#42/+; +/+; FRT82B dinr339/FRT82B tubPGal80  
8D Gal45-40 UAS-Venus:pm SOP-FLP#42/+; tordeltaP FRT40A/tubPGal80 FRT40A 
8E Gr28b.c.Gal4 UAS-mCD8:GFP/UAS-Dp110[D954A] 
8F Gr28b.c.Gal4 UAS-mCD8:GFP/+; TRiP{HMS00124}/+ 
11B, 13A, 13B, 17H, 17K, 
17L, 21B, 21D, 21F, 21H 
Gal45-40 UAS-Venus:pm SOP-FLP#42/+; +/+; FRT82B CHORD2/FRT82B tubPGal80  
11C 
Gal45-40 UAS-Venus:pm SOP-FLP#42/+; CHORD genomic fragment/+; FRT82B 
CHORD2/FRT82B tubPGal80  
14A, 14C, 14D Gr28b.c. UAS-mCD8:GFP/+; UAS-tubPGal80ts/UAS-mCD8.mRFP 
14B Gr28b.c. UAS-mCD8:GFP/+; UAS-tubPGal80ts/TRiP{HMS00899} 
16B 
Gal45-40 UAS-Venus:pm SOP-FLP#42/+; UAS-Rok.CAT48.2/+; FRT82B CHORD2/FRT82B 
tubPGal80 
17A, 19A FRT19A/FRT19A tubPGal80; Gal4109(2)80 UAS-mCD8:GFP SOP-FLP#73/+ 
17B FRT19A rok2/FRT19A tubPGal80; Gal4109(2)80 UAS-mCD8:GFP SOP-FLP#73/+ 
17C Gr28b.c.Gal4 UAS-mCD8:GFP/UAS-CHORD IR#1; UAS-dcr2/+ 
17D Gr28b.c.Gal4 UAS-mCD8:GFP/UAS-CHORD IR#1; TRiP(JF03225)/+ 
17E Gr28b.c.Gal4 UAS-mCD8:GFP/UAS-CHORD IR#1; TRiP(HMS01311)/+ 
17F Gr28b.c.Gal4 UAS-mCD8:GFP/UAS-CHORD IR#1; TRiP(GL00209)/+ 






attP40 ( )  attP2 ( ) 
図番号 遺伝子型 
17I 
Gal45-40 UAS-Venus:pm SOP-FLP#42/+; (GD1522)v3793/+; FRT82B CHORD2/FRT82B 
tubPGal80 
17J 
Gal45-40 UAS-Venus:pm SOP-FLP#42/+; (KK107802)VIE-260B/+; FRT82B CHORD2/FRT82B 
tubPGal80 
19B FRT19A rictor△2/FRT19A tubPGal80; Gal4109(2)80 UAS-mCD8:GFP SOP-FLP#73/+ 
19C FRT19A rictor△2/FRT19A tubPGal80; Gal4109(2)80 UAS-mCD8:GFP SOP-FLP#73/UAS-CHORD 
補 1A, 補 4A, 補 7A Gr28b.c. UAS-mCD8:GFP/+; mCherry IR/+ 
補 1B, 補 4C Gr28b.c. UAS-mCD8:GFP/+; TRiP(HMS00671)/+ 
補 1C Gr28b.c. UAS-mCD8:GFP/+; TRiP(HMS00113)/+ 
補 4B Gr28b.c. UAS-mCD8:GFP/+; RT82B CHORD2/Df(3L)BSC113 
補 4D Gr28b.c. UAS-mCD8:GFP/UAS-CHORD; TRiP(HMS00671)/+ 
補 7B Gr28b.c. UAS-mCD8:GFP/+; TRiP{GL00139}/UAS-dicer2 
補 7C Gr28b.c. UAS-mCD8:GFP/+; TRiP{JF01968}/UAS-dicer2 
補 7D Gr28b.c. UAS-mCD8:GFP/UAS-CHORD; TRiP{GL00139}/UAS-dicer2 
補 7E Gr28b.c. UAS-mCD8:GFP/UAS-CHORD; TRiP{JF01968}/UAS-dicer2 
 6 91 91-97 
hr AEL 0.7% NaCl + 0.3% Triton X-100
PBS 1
 
17-DMAP-GA (InvivoGen) 5 mg/ml Y-27632 (
) 10 mM 50 mM
17-DMAP-GA 60-63 hr APF Y-27632 48 hr APF  
12 0.7% NaCl + 
0.3% Triton X-100 3 PBS 1
50%
A4 or A5 v’ada
 
250%
A4 or A5 v’ada  
Venus Zeiss LSM510 GFP





70-74 hr APF 35mm
2 m 10~20 2
1 Nikon C1
25  








4 z xyt 3
Fiji Simple Neurite Tracer
csv Excel (Microsoft) 
Fano factor (FF) FF
 (Chen et al., 2011; Lee et al., 2008)
FF 0.35  (Lee et al., 2008)
t t+1 t
 
2 Student’s t-test 3 one-way ANOVA 
with Tukey’s HSD post hoc test  
S2 (Schneider’s cell line 2) 25
Schneider’s Drosophila Medium 







400 ml 12 8 g dsRNA
30 FBS 600l 25 3
 




WIDE RANGE Gel Preparation Buffer (4X) for PAGE
8%
10% Immobilin-P (Millipore) 
0.5~5% TBS 0.05% Tween-20
TBS Chemi-Lumi One Super
Can Get Signal 
Immunoreaction Enhancer solution (TOYOBO) 
3  
 
抗体名 動物種など 希釈倍率 参考文献/企業名 
CHORD#2 guinea pig; polyclonal 1:1000 自作 
M2 (FLAG) mouse; monoclonal 1:1000 Sigma 
P-T398-S6K rabbit; polyclonal 1:1000 Cell Signaling (#9209) 
P-S505-Akt rabbit; polyclonal 1:1000 Cell Signaling (#4054) 
Akt rabbit; polyclonal 1:1000 Cell Signaling (#9272) 
P-Sqh rabbit; polyclonal 1:1000 Cell Signaling (#3671) 
Sqh rabbit; polyclonal 1:1000 Jordan and Karess, 1997 




4 1 8,000G 30
sepharose 4B beads (GE healthcare) 4 30
ANTI-FLAG M2 Affinity Gel (Sigma) 4 2
TBS 3 100 ng/l 3xFLAG  (Sigma) 150 l





1 ml 4 30 14,000G 20
800 l Pierce Protein A/G Magnetic Beads (Thermo) 25l
4 30
FLAG  (M2; Sigma) 5 l 4 1 Pierce Protein A/G 
Magnetic Beads (Thermo) 25l 4 1
2
3 2x SDS













記号 説明 wild type CHORD2 
L 1 セグメントの長さ 0.9 m 0.75 m 
X 計算する空間の幅 600 m 
Y 計算する空間の高さ 600 m 
T 計算時間 3000 min 
pe 伸長確率 0.51 
pr 退縮確率 0.47 
pl 1 セグメント当たりの分岐確率 0.002 0.0017 
 
 
Amano, M., Nakayama, M., and Kaibuchi, K. (2010). Rho-kinase/ROCK: A key 
regulator of the cytoskeleton and cell polarity. Cytoskeleton (Hoboken) 67, 545-554. 
Azevedo, R.B., French, V., and Partridge, L. (2002). Temperature modulates epidermal 
cell size in Drosophila melanogaster. J Insect Physiol 48, 231-237. 
Beadle, G.W., Tatum, E.L., and Clancy, C.W. (1938). Food level in relation to rate of 
development and eye pigmentation in Drosophila melanogaster. Biological Bulletin 75, 
447-462. 
Benavides-Piccione, R., Hamzei-Sichani, F., Ballesteros-Yáñez, I., DeFelipe, J., and 
Yuste, R. (2006). Dendritic size of pyramidal neurons differs among mouse cortical 
regions. Cereb Cortex 16, 990-1001. 
Brancaccio, M., Menini, N., Bongioanni, D., Ferretti, R., De Acetis, M., Silengo, L., and 
Tarone, G. (2003). Chp-1 and melusin, two CHORD containing proteins in vertebrates. 
FEBS Lett 551, 47-52. 
Brand, A.H., and Perrimon, N. (1993). Targeted gene expression as a means of altering 
cell fates and generating dominant phenotypes. Development 118, 401-415. 
Brogiolo, W., Stocker, H., Ikeya, T., Rintelen, F., Fernandez, R., and Hafen, E. (2001). 
An evolutionarily conserved function of the Drosophila insulin receptor and insulin-like 
peptides in growth control. Curr Biol 11, 213-221. 
Buchon, N., Poidevin, M., Kwon, H.M., Guillou, A., Sottas, V., Lee, B.L., and Lemaitre, 
B. (2009). A single modular serine protease integrates signals from pattern-recognition 
receptors upstream of the Drosophila Toll pathway. Proc Natl Acad Sci U S A 106, 
12442-12447. 
Böhni, R., Riesgo-Escovar, J., Oldham, S., Brogiolo, W., Stocker, H., Andruss, B.F., 
Beckingham, K., and Hafen, E. (1999). Autonomous control of cell and organ size by 
CHICO, a Drosophila homolog of vertebrate IRS1-4. Cell 97, 865-875. 
Chen, J.L., Lin, W.C., Cha, J.W., So, P.T., Kubota, Y., and Nedivi, E. (2011). Structural 
basis for the role of inhibition in facilitating adult brain plasticity. Nat Neurosci 14, 
587-594. 
Cheng, L.Y., Bailey, A.P., Leevers, S.J., Ragan, T.J., Driscoll, P.C., and Gould, A.P. 
(2011). Anaplastic lymphoma kinase spares organ growth during nutrient restriction in 
Drosophila. Cell 146, 435-447. 
Defelipe, J. (2011). The evolution of the brain, the human nature of cortical circuits, and 
intellectual creativity. Front Neuroanat 5, 29. 
Di Giammartino, D.C., Nishida, K., and Manley, J.L. (2011). Mechanisms and 
consequences of alternative polyadenylation. Mol Cell 43, 853-866. 
Edgar, B.A. (2006). How flies get their size: genetics meets physiology. Nat Rev Genet 
7, 907-916. 
Facchinetti, V., Ouyang, W., Wei, H., Soto, N., Lazorchak, A., Gould, C., Lowry, C., 
Newton, A.C., Mao, Y., Miao, R.Q., et al. (2008). The mammalian target of rapamycin 
complex 2 controls folding and stability of Akt and protein kinase C. EMBO J 27, 
1932-1943. 
Ferretti, R., Palumbo, V., Di Savino, A., Velasco, S., Sbroggiò, M., Sportoletti, P., 
Micale, L., Turco, E., Silengo, L., Palumbo, G., et al. (2010). Morgana/chp-1, a ROCK 
inhibitor involved in centrosome duplication and tumorigenesis. Dev Cell 18, 486-495. 
Ferretti, R., Sbroggiò, M., Di Savino, A., Fusella, F., Bertero, A., Michowski, W., 
Tarone, G., and Brancaccio, M. (2011). Morgana and melusin: two fairies chaperoning 
signal transduction. Cell Cycle 10, 3678-3683. 
Gao, F.B., Brenman, J.E., Jan, L.Y., and Jan, Y.N. (1999). Genes regulating dendritic 
outgrowth, branching, and routing in Drosophila. Genes Dev 13, 2549-2561. 
Grueber, W.B., Jan, L.Y., and Jan, Y.N. (2002). Tiling of the Drosophila epidermis by 
multidendritic sensory neurons. Development 129, 2867-2878. 
Hietakangas, V., and Cohen, S.M. (2007). Re-evaluating AKT regulation: role of TOR 
complex 2 in tissue growth. Genes Dev 21, 632-637. 
Huxley, J.S., and Tessier, G. (1936). Terminology of relative growth. Nature 137, 
780-781. 
Ikenoue, T., Inoki, K., Yang, Q., Zhou, X., and Guan, K.L. (2008). Essential function of 
TORC2 in PKC and Akt turn motif phosphorylation, maturation and signalling. EMBO 
J 27, 1919-1931. 
Jan, Y.N., and Jan, L.Y. (2010). Branching out: mechanisms of dendritic arborization. 
Nat Rev Neurosci 11, 316-328. 
Jaworski, J., and Sheng, M. (2006). The growing role of mTOR in neuronal 
development and plasticity. Mol Neurobiol 34, 205-219. 
Jaworski, J., Spangler, S., Seeburg, D.P., Hoogenraad, C.C., and Sheng, M. (2005). 
Control of dendritic arborization by the phosphoinositide-3'-kinase-Akt-mammalian 
target of rapamycin pathway. J Neurosci 25, 11300-11312. 
Kadota, Y., Shirasu, K., and Guerois, R. (2010). NLR sensors meet at the SGT1-HSP90 
crossroad. Trends Biochem Sci 35, 199-207. 
Koike-Kumagai, M., Yasunaga, K., Morikawa, R., Kanamori, T., and Emoto, K. (2009). 
The target of rapamycin complex 2 controls dendritic tiling of Drosophila sensory 
neurons through the Tricornered kinase signalling pathway. EMBO J 28, 3879-3892. 
Kubo, T., Wada, T., Yamaguchi, Y., Shimizu, A., and Handa, H. (2006). Knock-down of 
25 kDa subunit of cleavage factor Im in Hela cells alters alternative polyadenylation 
within 3'-UTRs. Nucleic Acids Res 34, 6264-6271. 
Kumar, V., Zhang, M.X., Swank, M.W., Kunz, J., and Wu, G.Y. (2005). Regulation of 
dendritic morphogenesis by Ras-PI3K-Akt-mTOR and Ras-MAPK signaling pathways. 
J Neurosci 25, 11288-11299. 
Kuo, C.T., Jan, L.Y., and Jan, Y.N. (2005). Dendrite-specific remodeling of Drosophila 
sensory neurons requires matrix metalloproteases, ubiquitin-proteasome, and ecdysone 
signaling. Proc Natl Acad Sci U S A 102, 15230-15235. 
Laplante, M., and Sabatini, D.M. (2012). mTOR signaling in growth control and disease. 
Cell 149, 274-293. 
Lee, T., and Luo, L. (1999). Mosaic analysis with a repressible cell marker for studies of 
gene function in neuronal morphogenesis. Neuron 22, 451-461. 
Lee, W.C., Chen, J.L., Huang, H., Leslie, J.H., Amitai, Y., So, P.T., and Nedivi, E. 
(2008). A dynamic zone defines interneuron remodeling in the adult neocortex. Proc 
Natl Acad Sci U S A 105, 19968-19973. 
Lloyd, A.C. (2013). The regulation of cell size. Cell 154, 1194-1205. 
London, M., and Häusser, M. (2005). Dendritic computation. Annu Rev Neurosci 28, 
503-532. 
Lutz, C.S., and Moreira, A. (2011). Alternative mRNA polyadenylation in eukaryotes: 
an effective regulator of gene expression. Wiley Interdiscip Rev RNA 2, 22-31. 
McGuire, S.E., Le, P.T., Osborn, A.J., Matsumoto, K., and Davis, R.L. (2003). 
Spatiotemporal rescue of memory dysfunction in Drosophila. Science 302, 1765-1768. 
Michowski, W., Ferretti, R., Wisniewska, M.B., Ambrozkiewicz, M., Beresewicz, M., 
Fusella, F., Skibinska-Kijek, A., Zablocka, B., Brancaccio, M., Tarone, G., et al. (2010). 
Morgana/CHP-1 is a novel chaperone able to protect cells from stress. Biochim Biophys 
Acta 1803, 1043-1049. 
Mirth, C.K., and Riddiford, L.M. (2007). Size assessment and growth control: how 
adult size is determined in insects. Bioessays 29, 344-355. 
Mirth, C.K., and Shingleton, A.W. (2012). Integrating body and organ size in 
Drosophila: recent advances and outstanding problems. Front Endocrinol (Lausanne) 3, 
49. 
Oh, W.J., and Jacinto, E. (2011). mTOR complex 2 signaling and functions. Cell Cycle 
10, 2305-2316. 
Ohara, P.T., and Havton, L.A. (1994). Preserved features of thalamocortical projection 
neuron dendritic architecture in the somatosensory thalamus of the rat, cat and macaque. 
Brain Res 648, 259-264. 
Parrish, J.Z., Emoto, K., Kim, M.D., and Jan, Y.N. (2007). Mechanisms that regulate 
establishment, maintenance, and remodeling of dendritic fields. Annu Rev Neurosci 30, 
399-423. 
Parrish, J.Z., Xu, P., Kim, C.C., Jan, L.Y., and Jan, Y.N. (2009). The microRNA bantam 
functions in epithelial cells to regulate scaling growth of dendrite arbors in drosophila 
sensory neurons. Neuron 63, 788-802. 
Pete, G., Fuller, C.R., Oldham, J.M., Smith, D.R., D'Ercole, A.J., Kahn, C.R., and Lund, 
P.K. (1999). Postnatal growth responses to insulin-like growth factor I in insulin 
receptor substrate-1-deficient mice. Endocrinology 140, 5478-5487. 
Powell, L.M., Zur Lage, P.I., Prentice, D.R., Senthinathan, B., and Jarman, A.P. (2004). 
The proneural proteins Atonal and Scute regulate neural target genes through different 
E-box binding sites. Mol Cell Biol 24, 9517-9526. 
Proudfoot, N. (2004). New perspectives on connecting messenger RNA 3' end 
formation to transcription. Curr Opin Cell Biol 16, 272-278. 
Rajan, A., and Perrimon, N. (2012). Drosophila cytokine unpaired 2 regulates 
physiological homeostasis by remotely controlling insulin secretion. Cell 151, 123-137. 
Sato, D., Sugimura, K., Satoh, D., and Uemura, T. (2010). Crossveinless-c, the 
Drosophila homolog of tumor suppressor DLC1, regulates directional elongation of 
dendritic branches via down-regulating Rho1 activity. Genes Cells 15, 485-500. 
Satoh, D., Sato, D., Tsuyama, T., Saito, M., Ohkura, H., Rolls, M.M., Ishikawa, F., and 
Uemura, T. (2008). Spatial control of branching within dendritic arbors by 
dynein-dependent transport of Rab5-endosomes. Nat Cell Biol 10, 1164-1171. 
Schmidt-Nielsen, K. (1984). Scaling, why is Animal Size So Important? (Cambridge 
University Press). 
Schuldiner, O., Berdnik, D., Levy, J.M., Wu, J.S., Luginbuhl, D., Gontang, A.C., and 
Luo, L. (2008). piggyBac-based mosaic screen identifies a postmitotic function for 
cohesin in regulating developmental axon pruning. Dev Cell 14, 227-238. 
Shimono, K., Fujimoto, A., Tsuyama, T., Yamamoto-Kochi, M., Sato, M., Hattori, Y., 
Sugimura, K., Usui, T., Kimura, K., and Uemura, T. (2009). Multidendritic sensory 
neurons in the adult Drosophila abdomen: origins, dendritic morphology, and segment- 
and age-dependent programmed cell death. Neural Dev 4, 37. 
Shirasu, K., Lahaye, T., Tan, M.W., Zhou, F., Azevedo, C., and Schulze-Lefert, P. (1999). 
A novel class of eukaryotic zinc-binding proteins is required for disease resistance 
signaling in barley and development in C. elegans. Cell 99, 355-366. 
Simões, S.e.M., Blankenship, J.T., Weitz, O., Farrell, D.L., Tamada, M., 
Fernandez-Gonzalez, R., and Zallen, J.A. (2010). Rho-kinase directs Bazooka/Par-3 
planar polarity during Drosophila axis elongation. Dev Cell 19, 377-388. 
Song, W., Onishi, M., Jan, L.Y., and Jan, Y.N. (2007). Peripheral multidendritic sensory 
neurons are necessary for rhythmic locomotion behavior in Drosophila larvae. Proc Natl 
Acad Sci U S A 104, 5199-5204. 
Staveley, B.E., Ruel, L., Jin, J., Stambolic, V., Mastronardi, F.G., Heitzler, P., Woodgett, 
J.R., and Manoukian, A.S. (1998). Genetic analysis of protein kinase B (AKT) in 
Drosophila. Curr Biol 8, 599-602. 
Stocker, H., and Hafen, E. (2000). Genetic control of cell size. Curr Opin Genet Dev 10, 
529-535. 
Stuart, G., Spruston, N., and Häusser, M. (2007). Dendrites (Oxford University Press). 
Su, T.T., and O'Farrell, P.H. (1998). Size control: cell proliferation does not equal 
growth. Curr Biol 8, R687-689. 
Sugimura, K., Yamamoto, M., Niwa, R., Satoh, D., Goto, S., Taniguchi, M., Hayashi, S., 
and Uemura, T. (2003). Distinct developmental modes and lesion-induced reactions of 
dendrites of two classes of Drosophila sensory neurons. J Neurosci 23, 3752-3760. 
Swiech, L., Blazejczyk, M., Urbanska, M., Pietruszka, P., Dortland, B.R., Malik, A.R., 
Wulf, P.S., Hoogenraad, C.C., and Jaworski, J. (2011). CLIP-170 and IQGAP1 
cooperatively regulate dendrite morphology. J Neurosci 31, 4555-4568. 
Taipale, M., Jarosz, D.F., and Lindquist, S. (2010). HSP90 at the hub of protein 
homeostasis: emerging mechanistic insights. Nat Rev Mol Cell Biol 11, 515-528. 
Teeter, C.M., and Stevens, C.F. (2011). A general principle of neural arbor branch 
density. Curr Biol 21, 2105-2108. 
Tennessen, J.M., and Thummel, C.S. (2011). Coordinating growth and maturation - 
insights from Drosophila. Curr Biol 21, R750-757. 
Thomanetz, V., Angliker, N., Cloëtta, D., Lustenberger, R.M., Schweighauser, M., 
Oliveri, F., Suzuki, N., and Rüegg, M.A. (2013). Ablation of the mTORC2 component 
rictor in brain or Purkinje cells affects size and neuron morphology. J Cell Biol 201, 
293-308. 
Thorne, N., and Amrein, H. (2008). Atypical expression of Drosophila gustatory 
receptor genes in sensory and central neurons. J Comp Neurol 506, 548-568. 
Tumaneng, K., Russell, R.C., and Guan, K.L. (2012). Organ size control by Hippo and 
TOR pathways. Curr Biol 22, R368-379. 
Urbanska, M., Gozdz, A., Swiech, L.J., and Jaworski, J. (2012). Mammalian target of 
rapamycin complex 1 (mTORC1) and 2 (mTORC2) control the dendritic arbor 
morphology of hippocampal neurons. J Biol Chem 287, 30240-30256. 
Williams, D.W., and Truman, J.W. (2004). Mechanisms of dendritic elaboration of 
sensory neurons in Drosophila: insights from in vivo time lapse. J Neurosci 24, 
1541-1550. 
Williams, D.W., and Truman, J.W. (2005). Remodeling dendrites during insect 
metamorphosis. J Neurobiol 64, 24-33. 
Wilmanski, J.M., Petnicki-Ocwieja, T., and Kobayashi, K.S. (2008). NLR proteins: 
integral members of innate immunity and mediators of inflammatory diseases. J Leukoc 
Biol 83, 13-30. 
Winter, C.G., Wang, B., Ballew, A., Royou, A., Karess, R., Axelrod, J.D., and Luo, L. 
(2001). Drosophila Rho-associated kinase (Drok) links Frizzled-mediated planar cell 
polarity signaling to the actin cytoskeleton. Cell 105, 81-91. 
Wittenberg, G., and Wang, S. (2007). Evolution and scaling of dendrites. In Dendrites, 
G. Stuart, N. Spruston, and M. Häusser, eds. (Oxford University Press), pp. 43-67. 
Wu, J., Luo, S., Jiang, H., and Li, H. (2005). Mammalian CHORD-containing protein 1 
is a novel heat shock protein 90-interacting protein. FEBS Lett 579, 421-426. 
Xiang, Y., Yuan, Q., Vogt, N., Looger, L.L., Jan, L.Y., and Jan, Y.N. (2010). 
Light-avoidance-mediating photoreceptors tile the Drosophila larval body wall. Nature 
468, 921-926. 
Yamamoto, M., Ueda, R., Takahashi, K., Saigo, K., and Uemura, T. (2006). Control of 
axonal sprouting and dendrite branching by the Nrg-Ank complex at the neuron-glia 
interface. Curr Biol 16, 1678-1683. 
Zhang, H., Stallock, J.P., Ng, J.C., Reinhard, C., and Neufeld, T.P. (2000). Regulation of 
cellular growth by the Drosophila target of rapamycin dTOR. Genes Dev 14, 
2712-2724. 
Zinzalla, V., Stracka, D., Oppliger, W., and Hall, M.N. (2011). Activation of mTORC2 
by association with the ribosome. Cell 144, 757-768. 
佐藤, 大. (2008). 樹状突起の分岐を制御する機構の研究. 











Lynn Powell Lemaitre Bruno
Stephen Cohen
Roger Karess Jennifer A. Zallen
DNA
Bloomington 






Kohei Shimono, Kazuto Fujishima, Takafumi Nomura, Masayoshi Ohashi, Tadao 
Usui, Mineko Kengaku, Atsushi Toyoda & Tadashi Uemura 
An evolutionarily conserved protein CHORD regulates scaling of dendritic arbors 
with body size 
Scientific Reports, in press, 2014 
 
26 3 11  
 
 
